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A B S T R A C T
In this work hemagglutinating activity (HA) was investigated in distinctMoringa oleifera tissue extracts.
A new lectin from seeds (cMoL) was puriﬁed and characterized; hemagglutinating and coagulating
activities were evaluated. HAwas detected in 0.15 MNaCl extracts from ﬂowers and rachis inﬂorescence
(5%, w/v), seeds, leaves, fundamental tissue of stem and steam bark (10%, w/v). cMoL isolated after saline
extraction and guar gel column chromatography was active at pH range 4.0–9.0 agglutinating
erythrocytes from rabbit and human blood types. Extracts of tissues and cMoL activities were
carbohydrate inhibited; azocasein and asialofetuin abolished cMoL HA. The lectin was thermostable at
100 8C during 7 h. Polyacrylamide gel electrophoresis under reduced conditions revealed a main
polypeptide band of 26.5 kDa; native basic cMoLwas detected as a unique band. Seed lectin preparations
and cMoL showed coagulant activity, similar to aluminium sulphate, the coagulant most widely used in
water treatment.
 2009 Elsevier Ltd. All rights reserved.1. Introduction
Lectins are hemagglutinating proteins that exist in virus and all
forms of life but most known are extracted from plants, especially
from seeds [1], a storage organ, which is one of the main sources to
obtain these molecules. In general, other plant tissues contain
lower amount of lectins; also, not necessarily identical in structure
or carbohydrate speciﬁcity to seed lectins [2]. These proteins
interact selectively and reversibly with residues of speciﬁc sugars
[3] and, structural characteristics result in the use of lectins for
therapeutic applications [4] and biotechnological purposes [5].
Cytotoxic effects revealed by mitogenic, antitumoral, antimicro-
bial, and insecticide activities have been found in lectins [2].
Different protein puriﬁcation protocols have been used to
isolate lectins from the same tissue. In general, the ﬁrst step
involves preparation of extracts in saline or buffer solution [6].
From the crude extract, the protein can be fractionated through
methods such as selective precipitation with salts at different
concentrations. The isolation techniques used include ion
exchange [7], gel ﬁltration [8] and afﬁnity [9] chromatography.
However, due to the lectin ability for recognizing carbohydrates,
afﬁnity chromatography in columns containing polysaccharides* Corresponding author. Tel.: +55 8121268540; fax: +55 8121268576.
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doi:10.1016/j.procbio.2009.01.002[10] or glycoproteins [11] has been the most commonly used
technique [4].
Polymers have been applied in coagulation/ﬂocculation pro-
cesses forwater puriﬁcation for decades [12]. Natural coagulants of
vegetable origin were used inwater treatment before the advent of
synthetic chemicals like aluminium and ferric salts [13]. Cactus
(Cactaceous opuntia) is a natural macromolecular coagulant and
the turbidity removal efﬁciency could reach 94%, the optimum pH
was about 10 and temperature had slight inﬂuence on the
coagulation effect [14]. Cactus latiforia and seeds of Prosopis
juliﬂora act as natural coagulants and produced comparable
turbidity removals in water with high (100–200 NTU) and low
(30–40 NTU) initial turbidity [15].
Moringa oleifera (Lam), Moringaceae family, has been used in
the Philippine diet; leaves, ﬂowers and green pods are edible as a
human nutritious vegetable [16]. In Malaysia, the young tender
pods are cut into small pieces and added to curries [17]. Several
properties have been identiﬁed in different parts ofM. oleifera: the
leaf extract is a potential source of antioxidants [18]; hypocho-
lesterolemic effects have also been found in leaf extract [19] and
fruits [20]; plant seeds contain hypotensive activity [21], strong
antioxidant activity and chelating property against arsenic toxicity
[22]. Moringa seed coagulant properties have been used to water
treatment [23,24]. Shelled M. oleifera seeds have the property to
decontaminate arsenic from water and can be used as domestic
and environment-friendly safe technology [25].
Table 1
Protein concentrations and speciﬁc hemagglutinating activities of tissue extracts
from Moringa oleifera.
Tissue extracta Protein
concentration (mg/L)
SHAb (HA/protein
concentration)
Flowers 0.9 1185
Inﬂorescence rachis 0.4 680
Seeds 4.9 208
Leaf tissue 1.0 8
Fundamental tissue of steam 0.4 84
Steam bark 1.7 2444
a All tissues were colleted from a single plant.
b SHA, speciﬁc hemagglutinating activity. Samples were assayed with glutar-
aldehyde treated rabbit erythrocytes.
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oleifera tissue extracts and a seed coagulant lectin isolated by
afﬁnity chromatography was partially characterized.
2. Materials and methods
2.1. Extract preparations
Flowers, inﬂorescence rachis, seeds, leaf tissue, fundamental tissue of stem and
steam bark of M. oleifera Lam were collected in Recife city, Northeast of Brazil. A
sample of the collected material is archived as voucher specimen number 63184,
IPA, at the herbarium ‘‘Da´rdano de Andrade Lima’’ (Empresa Pernambucana de
Pesquisa Agropecua´ria, Recife, Brazil). Tissue ﬂours of M. oleifera were extracted
with 0.15 M NaCl for 6 h at room temperature and resulted in saline extracts from
ﬂowers and inﬂorescence rachis (E1 and E2, 5%, w/v), as well as seeds, leaves,
fundamental tissue of stem and steam bark (E3, E4, E5 and E6, 10%, w/v).
2.2. Saline fractionation
Proteins of E3 were precipitated using 0–60% ammonium sulphate fractionation
for 4 h at room temperature. The 0-60F was dialyzed with distilled water (two
changes) and 0.15 M NaCl overnight.
2.3. Hemagglutinating activity
HAwasperformed inmicrotiter plates according to Correia and Coelho [26]. Lectin
preparations (50mL) were serially two-fold diluted in 0.15 MNaCl before addition of
50mL 2.5% (v/v) suspension of rabbit glutaraldehyde treated erythrocytes or fresh
human erythrocytes. Titer was expressed as the highest dilution exhibiting
hemagglutination. Speciﬁc HA (SHA) was deﬁned as the ratio between the titer
and protein concentration (mg/mL).
2.4. Lectin isolation
The 0-60F was chromatographed (10 mg of protein) on a guar gel column
(10.0 cm  1.0 cm) previously equilibrated with 0.15 M NaCl (20 mL/h ﬂow rate).
The bound HA was eluted with 1.0 M NaCl (cMoL).
2.5. Effect of different pH, temperatures and cations on HA
The pH effect was evaluated with cMoL (50 mL) diluted in 10 mM citrate–
phosphate buffer (pH 3.0–6.5), 10 mM sodium phosphate buffer (pH 7.0–8.0) or
10 mM Tris–HCl buffer (pH 8.5–9.0). Lectin thermal stability was evaluated with
previously heated cMoL (30–90 8C, up to 30 min and subsequently 100 8C, every
30 min, up to 7 h). Assays for divalent cation requirements were performed by
dialysis with 5 mM EDTA (16 h, 4 8C) and 0.15 M NaCl (6 h, 4 8C) and HA was
measuredwithMgCl2, CaCl2 and KCl (5 mM). For all experiments, HAwasmeasured
as described in Section 2.3 using 50mL of a 2.5% (v/v) suspension of rabbit
glutaraldehyde treated erythrocytes.
2.6. Hemagglutinating activity inhibition
The lectin inhibitory assays using extracts and cMoL were evaluated with
solutions of carbohydrates D()-fructose, D(+)-rafﬁnose, D(+)-glucose and D(+)-
mannose. cMoL was also assayed with solutions of D(+)-lactose, (+)-arabinose,
trehalose, L(+)-rhamnose and galactose. E and cMoL were assayed with 0.5 mg/mL
glycoprotein solutions (fetuin, asialofetuin, ovalbumin, casein and azocasein). The
inhibitory assays were similar to the hemagglutinating assay with exception of an
incubation step (room temperature, 15 min) before erythrocyte addition.
2.7. Protein evaluation
The protein was estimated according to the Lowry et al. method [27] and by
absorbance at 280 nm.
2.8. Lectin characterization
cMoL molecular weight was estimated by sodium dodecyl sulphate polyacryla-
mide gel eletrophoresis (SDS-PAGE) as described by Laemmli [28]. Gels were stained
either for protein with Coomassie Brilliant Blue [28] or for carbohydrate using Schiff
reagent (Sigma) according to Pharmacia Fine Chemicals (1980). The nativemolecular
weight was determined by Sephacryl S-300 gel ﬁltration column (16 mm 60 cm)
with 0.5 M NaCl (20 mL/h ﬂow rate) using molecular weight markers (bovine serum
albumin: 66 kDa, fetuin: 64 kDa, ovalbumin: 44 kDa and ovoinhibitor: 28 kDa) using
A¨kta FPLC system (Amersham Pharmacia Biotech, Sweden).
2.9. Coagulation activity assay
The coagulation activity assay was based on the method described by
Ghebremichael et al. [24]. Initially, the water sample was treated with kaolinclay (10 g) to 1 L tap water, stirred for 30 min and allowed to settle for 24 h to
achieve complete hydration. Desired turbidity was obtained by dilution. An aliquot
(100 mL) of samples (1 mg/mL, E3, seed 0-60F and cMoL) and positive control
(aluminium sulphate 5%) were added to high turbidity clay suspension (900 mL,
250–300 NTU, Nephelometric Turbidity Units) in 1 mL cuvette and homogenized
instantly. Dilution (1:2) of clay suspension was done to obtain low turbidity (125–
150 NTU) and samples were assayed. Samples were allowed to settle for 1 h and
absorbancewasmeasured at 500 nmusing aUV–Visible spectrophotometer FEMTO
700 S. In order to reduce background effect, a sample volume of 800 mL from the top
was transferred to the cuvette for absorbance measurements every 5 min up to
60 min and subsequently to each 10 min up to 140 min. Reduction in absorbance
relative to negative control deﬁnes coagulation activity. The assays were performed
three times and under different temperatures (15, 30, 45 and 60 8C) or 5 mM
solutions of ions (Ca+2, Mg+2 and Mn+2).
2.10. Statistics analysis
Values of experimental results shown in tables and ﬁgures are the mean of at
least three determinations ( standard deviation). Linear regression equations were
established using the Origin version 6.0 program (Microcal, Northampton, MA, USA).
3. Results
HAwas detected in all extracts obtained fromM. oleifera tissues.
The highest speciﬁc activities, however, were detected in extracts
from steam bark, ﬂowers and inﬂorescence rachis (Table 1). The
differences in carbohydrate inhibition of lectin preparations from
distinct tissues of the plant may indicate the presence of different
lectins.
When 0-60F (Speciﬁc HA, SHA: 371) of M. oleifera seeds was
chromatographed on guar gel afﬁnity column (Fig. 1(A)) HA was
detected in unabsorbed (SHA: 35) and 1.0 M NaCl eluted fractions
(SHA: 864). The 1.0 M NaCl eluted fractions (cMoL) retained 59% of
chromatographed lectin activity and the obtained puriﬁcation
factor was 2.3 (Table 2).
cMoL showed HA to rabbit (titer: 2561) and A, B, O and AB
human fresh erythrocytes (titer: 641, 1281, 161 and 2561,
respectively) like the seed lectin from Crotalaria pallida [8]. cMoL is
a highly stable protein, active at pH range 4.0–9.0 and resistant up
to 7 h at 100 8C. The presence of ions Mg2+, Ca2+ and K+ increased
cMoL HA.
Inhibition assays revealed that HA of extracts was partially
inhibited with carbohydrates and glycoproteins (Table 3); the
lattermacromolecules weremore effective inhibitors to cMoL than
carbohydrates. cMoL HA was strongly inhibited by ovalbumin;
azocasein and asialofetuin completely abolished HA activity
(Table 3) indicating complex sugar speciﬁcity.
Under denatured and reduced conditions a main polypeptide
band of 26.5 kDawas revealed (Fig. 2(A)); PAGE conﬁrmed cMoL as
a basic protein (Fig. 2(B)) and no stainingwas detectedwith Schiff’s
reagent. Native cMoL Sephacryl S-300 gel ﬁltration chromato-
graphy revealed a single peak of 30 kDa (Fig. 1(B)).
Flour of M. oleifera seeds has been broadly used in developing
countries as a natural coagulant to treat water for human
consumption. Seed extract, 0-60F and cMoL showed coagulant
Fig. 1. (A) cMoL (10 mg of 0-60F protein) puriﬁcation on a guar gel afﬁnity column
(10.0 cm  1.0 cm). More than 2 mg of cMoL were obtained. At the point indicated
(arrow) elution buffer was changed to 1.0 M NaCl. Absorbance at 280 nm (&) and
log of HA (~) are represented. (B) cMoL native molecular weight determination by
gel ﬁltration chromatography on a Sephacryl S-300 column. A peak of 30 kDa is
represented. Molecular weight markers used were: bovine serum albumin, 66 kDa;
fetuin, 64 kDa; ovalbumin, 44 kDa; ovoinhibitor, 28 kDa. (C) Coagulation activities
of cMoL and lectin preparations with kaolin clay (10 g/L). cMoL (1 mg/mL, &),
extract (1 mg/mL, *), 0-60F (1 mg/mL, ^), aluminium sulphate (5% p/v, *) and
negative control (&). The values represent the mean of three assays ( standard
deviation): signiﬁcant differences between groups were determined at r < 0.05.
Table 2
Summary of cMoL puriﬁcation.
Preparation Total protein
(mg)
HA Total HA SHA Yielda (%) Puriﬁcation
(folds)
0-60F 10.0 2048 3710 371 100 1.0
cMoL 2.5 256 2201 864 59 2.3
a Percentage of total activity recovered. Hemagglutinating activity (HA) assays
and SHA, speciﬁc HA were performed with rabbit erythrocytes. More than 2 mg of
cMoL were obtained from 10 g of seed powder when a 10% (w/v) extract was
submitted to 60% ammonium sulphate fractionation followed by guar gel afﬁnity
chromatography.
Table 3
Inhibition hemagglutinating activity of tissue extracts and cMoL by carbohydrates
and glycoproteins.
Inhibitor E1 E2 E3 E4 E5 E6 cMoL
D()-Fructose 148.1 N N N N 305.5 N
D(+)-Rafﬁnose 592.5 NS 76.8 N 10.5 N 320
D(+)-Glucose 148.1 167.5 153.6 N N N 80
D(+)-Mannose N 335 153.6 N N N N
D(+)-Lactose ND ND ND ND ND ND 160
D(+)-Arabinose ND ND ND ND ND ND 320
Trehalose ND ND ND ND ND ND 160
L(+)-Rhamnose ND ND ND ND ND ND 160
Galactose ND ND ND ND ND ND 80
Asialofetuin ND ND ND ND ND ND 0
Fetuin 0 41.9 38.4 4.1 0 152.7 N
Ovalbumin N 335 76.8 4.1 0 611 10
Casein 296.2 0 38.4 2.0 0 19 80
Azocasein 0 0 9.6 2.0 0 2.4 0
Flowers (E1), inﬂorescence rachis (E2), seeds (E3), leaf tissue (E4), fundamental
tissue of steam (E5), steam bark (E6). Speciﬁc hemagglutinating activity (SHA) of E
were 1185 (E1), 2680 (E2), 307 (E3), 8.16 (E4), 84.21 (E5) and 2444 (E6). SHA of
cMoL was 640. Assays were performed with rabbit erythrocytes. Carbohydrates
(0.2 M) and glycoproteins (0.5 mg/mL) were used. N indicates that no inhibition of
HA was detected and ND indicates that the assays were not determinate.
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in relation to negative control) similar to the positive control
aluminium sulphate on water with high (250–300 NTU) and low
(125–150 NTU) turbidity of kaolin clay suspension (Fig. 1(C)).
Signiﬁcant differences in coagulant activitywerenot observedat the
temperatures the analysis was done. No coagulant activity was
detected in seed extractwith all tested ions, i.e. coagulationwas also
absent to 0-60F or cMoLwith Ca+2 andMg+2. However,Mn+2with 0-
60F and cMoL decreased water turbidity similarly to sulphate.
4. Discussion
Tissues from M. oleifera such as leaves and ﬂowers are eaten as
nutritious vegetables and fried seeds have also been consumed[29]. Some lectins were found to be toxic or anti-nutritious forman
and animals. In general, nausea, bloating, vomiting and diarrhoea
characterize the oral acute toxicity of lectins on humans [30]. HA
was detected in all extracts obtained fromM. oleifera tissues; these
ﬁndings make this plant an important model for study of different
molecular forms of lectins and their correspondent functions. The
same has been observed for Bauhinia monandra extracts [31] and
lectins were puriﬁed from different tissues of Dolichos lablab [32].
The presence of lectins in different parts of M. oleifera that are
consumed by the population requires a nutritional assessment of
these tissues.
The presence of lectin is mainly detected through the
hemagglutinating activity assay which is performed with a serial
dilution of the lectin before an incubation step with human or
other animal erythrocytes [6]. The lectin interaction with
carbohydrates are performed through a combination of hydrogen
bonds between sugar hydroxyl groups and protein main-chain, as
well as side-chain groups, water-mediated contacts, van derWaals
packing of the hydrophobic sugar ring face against an aromatic
residue, and hydrophobic interactions [33].
Guar gel afﬁnity chromatography efﬁciently puriﬁed seed
cMoL, with good recoveries (59%). This new and simple protocol
puriﬁed a lectin different from others already published, like the
water soluble M. oleifera lectin, WSMoL, previously described in
seeds [34]. cMoL is a basic protein with 30 kDa, active at pH range
4.0–9.0, thermostable at 100 8C during 7 h and HA was completely
inhibited by azocasein and asialofetuin. WSMoL is an acidic
glycoprotein and was mainly active with rabbit cells at pH 4.5; HA
was abolished by heat treatment, pH 7.0, fructose and porcine
thyroglobulin [34]. Katre et al. [35] isolated a hemagglutinin from
Fig. 2. SDS-PAGE (A) of lectin (100 mg) treated (a) and untreated (b) with b-mercapthoethanol and PAGE showing puriﬁed native and basic cMoL (B). Molecular weight
markers (m): phosphorylase b (94 kDa), bovine serum albumin (67 kDa), ovoalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsinogen (24 kDa), trypsin inhibitor (20 kDa)
and a-lactoalbumin (14 kDa); the gels were stained with Coomassie Brilliant Blue (A) and starch black (B).
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and subunits (7.1 kDa) linked by disulﬁde bond(s).
cMoL is also distinct from other coagulant proteins previously
reported in M. oleifera seeds. Nadabgengesere et al. [13] described
dimeric cationic proteins with molecular mass of 12–14 kDa and
isoelectric point (pI) between 10 and 11; Ghebremichael et al. [24]
studied a cationic protein with pI greater than 9.6 and molecular
mass less than 6.5 kDa that showed coagulation efﬁciencies of
heat-treated samples slightly higher than raw samples. Heat
treatment promotes the molecular vibration and this can be
responsible for better coagulation efﬁciency. Gassenschimdt et al.
[36] puriﬁed a ﬂocculating cationic proteinwith pI greater than 9.6
and molecular mass less than 6.5 kDa. Furthermore, Okuda et al.
[37] founded a coagulant compound in saline extract ofM. oleifera
seeds that was neither protein, nor polysaccharide or lipid.
Coagulant activity of high-molecular cationic polyacrylamide
derivatives has been explained by the bridge formation model;
coagulation of negatively charged particles is a result of binding by
Coulomb forces of positively charged particles and neutralization
of part of the surface charge. Reduced electrostatic repulsion leads
to the agglomeration and formation of ﬂocs by bridges between
negatively charged particles [36]. This mechanism may explain
cMoL coagulant properties when positively charged proteins bind
to parts of surface from negatively charged particles, ﬂocs are
formed and coagulation is observed.
M. oleifera may provide an interesting model for structural
comparison of lectins since all extracts from distinct M. oleifera
tissues revealed HA and others different lectins are present in the
seeds.
In this paper a new thermoresistant coagulant lectin (cMoL)
was puriﬁed from seed ﬂour using a simple technique. M. oleifera
coagulant proteins, cMoL and WSMoL, could contribute to unravel
the function of products from a unique gene or genes in the plant.
Extracts, 0-60F and cMoL showedwater coagulant properties in
the same proportions. Similar results were found with aluminium
sulphate, the most common synthetic coagulant used in water
treatment all over the world. In conclusion, M. oleifera seed
preparations and cMoL can be applied to water treatment forhuman consumption. The production of ﬁlters containing cMoL is
already being developed in our laboratories.
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